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Abstract 


__  r^ibUinSill 

Tlolnl 

The  study  of  collisions!  transitional  probabilities  for  the 
de-excitation  by  inert  gases  of  chemically  activated  sec -butyl 
radicals,  excited  to  internal  energies  in  excess  of  40  koal  mole*’'  , 
has  been  extended  to  Hg,  Dg,  Ng,  COg,  CH^,  CD^P,  CH^Oi  and  SF^» 


<h) 


The  diatomic  gases  display  behavior  similar  to  the  rare  gases? 
and  on  a  preferred  exponential  model  of  collisions!  transition 
probabilities  the  average  amount  of  energy  transferred  per-  colli¬ 


sion  is  <AE>nn  ai  1.3  iccal  mole 

caDQ!* 
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corresponding  amount  is  /S«£2.5  koal  mole 


On  a  step-ladder  model,  tl"  e 
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From  higher  pres¬ 


sure  data,  the  efficiency  (assumed  AE)  for  CDyF,  OH- Cl  and  SP^  is 


p- '  -  F 


deduced  to  be  comparable  vtLth  that  for  butene  and  on  a  preferred 
step-ladder  model,  AE  >  9  koal.  For  COg  and  CK^  the  behavior  if 
intermediate.  The  possible  importance  of  the  role  of  internal  no¬ 
tation  of  butyl  in  facilitating  energy  transfer  .is  noted-  scr,e 
uncertainty  concerning  the  role  of  overall  rotations  and  vibra¬ 
tional  modes  of  the  deactivator  in  the  relaxation  process®dstf? ,, 
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INTRODUCTION 

Earlier  papers  in  this  series  have  described  the  behavior-  of 

1  9 

butene  and  of  the  rare  gases'"  as  colllsional  deactivating  agents 
for  vlbratlonally  excited  sec-butyl  radicals.  The  latter  were  pro¬ 
duced  by  chemical  activation*^  Non-equilibrium  distributions  were 
obtained  at  vibrational  levels  of  the  ground  electronic  state 
grouped  above  4o  keal  mole"3’;  the  radicals  could  decompose  at  en¬ 
ergy  E  >  33  kcal  mole**1,  the  critical  energy.  Colllsional  degra¬ 
dation  below  this  threshold  resulted  in  stabilization. 

Butene  was  found  to  remove  energy  with  a  colllsional  transi¬ 
tion  probability  which  was  distinctly  higher  for  large  energy  Jumps 
(many  kilocalories )  than  for  small  ones  (a  few  calories).  A  step- 
ladder  probability  scheme  is  a  useful  descriptive  model  and  AE 
9  kcal  mole"1. 

The  rare  gases  He,  Ne,  Ar,  Kr  on  the  other  hand  were  charac¬ 
terized  on  a  step-ladder  model  by  values  which  increased  with  atomic 
weight  in  the  range  2.5  -  3*  5  kcal  mole"1.  However,  an  "exponen¬ 
tial"  model  (actually  any  model  in  which  very  small  Jumps  are  more 
probable  than  larger  ones)  seems  to  be  a  better  description.  Al¬ 
though  subject  to  the  uncertainties  of  the  details  of  the  model 
which  the  data  were  not  sufficiently  precise  to  discern,  the  results 
are  usefully  described  on  this  basis  as  giving  *  1.0  -  1.7 
kcal  mole"1  for  these  gases. 

In  order  to  explore  the  effects  of  varying  molecular  structure 
and  isotopic  substitution,  these  studies  have  been  extended  to  other 
inert  deactivating  gasi  the  use  of  the  diatomic  molecules  H2, 
and  V  the  triatomlc  C02  and  polyatomic  gases,  CH^,  CH^Cl,  CD^P 
and  SPg  is  reported  here.  Valuable  information  on  inert  gases  of 
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varying  structure  and  complexity  as  deactivators  of  p -mpthy  lamine 

and  other  emitters,  at  vibrational  levels  somewhat  below  these, 
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has  been  reported  by  several  groups.  ' 

EXPERIMENTAL 
Materials  and  Apparatus 

The  cis -butene-2  purity  was  described  previously.  CH^Cl  and 
SFg  were  Matheson  commercial  grade  and  were  purified  b^jjBLPC)  to 
99* 8#  purity.  A  sample  of  CDjP  was  generous ly/dOT>ated  by  Dr.  D. 

7.  Rggers,  and  was  similarly  checked  by  ^as-liquid  phase  chroma- 
tography^  OLPC  .  The  chemical  impurities  (<  1#)  were  non-inter¬ 
fering  substances  (CH^  and  higher  products  also).  was  Phillips 
research  grade  of  purity  99.6#  and  was  checked  by  OLPC.  COg,  Hg 
and  Ng  were  Air  Reduction  Company  assayed  reagent  grade  (>  99. 99#) 
and  were  not  further  treated*  Dg  was  obtained  from  General  Dynamics 
and  was  of  99*  5#  purity.  Hg,  Dg  and  Ng  were  deoxygen&ted  over  hot 
tungsten  by  heating,  as  described  previously  for  the  rare  gases. 
Since  the  experiments  were  carried  to  low  pressures  (low  percentage 
stabilisation)  only  for  the  diatomic  gases,  possible  oxygen  Impurity 
effects  described  in  XI  were  not  important  for  the  more  complex 
gases. 

Other  aspects  of  the  technique  were  similar  to  that  described 
previously. 


Procedure  and  Analysis 

This  also  followed  the  earlier  work.  The  percent  reaction 
of  butene  substrate  was  kept  around  5#,  end  unpr  10#»  'Jhe  low 
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boiling  inert  gases*  Hg,  Dg,  Ng  and*  in  part*  Ofy,  were  separated 
from  the  products  by  freezing  with  liquid  or  solid  Ng  and  purging. 
CQp  was  removed  by  absorption  on  ascarlte.  Other  inert  gases*  where 
they  interfered,  were  first  separated  from  the  produo ts  by  GLPC 
to  a  sufficient  degree  so  that  analysis  of  the  mixtures  could  pro¬ 
ceed* 


RESULTS 

Corrections  to  the  data  are  similar  to  those  described  earlier 
in  II. 

•5 

Values  of  the  measured  apparent  average  rate  constants,  kg  - 
co  D/S,  were  calculated  on  the  basis  of  hard-sphere  collision  cross- 
section  cr2  (Appendix  X).  Conversion  factors  for  kg*  based  on  other 
more  appropriate  collision  cross -sect ions,  are  also  given  In  Appen¬ 
dix  X.  Rate  data  for  the  gas  mixtures  at  ?00*  K  are  summarised  in 
Figures  1  and  2.  Figure  1  presents  kg  as  a  function  of  S/b  for 
mixtures  of  butene  with  the  other  inert  gases  used.  The  nature  of 
the  technique  la  suoh  that  the  inert  gas  butene*  which  is  the  pro¬ 
genitor  of  the  sec-butyl  radical*  la  inevitably  present  in  some 
amount  in  the  system.  The  diatomic  molecule  mixtures  were  cis- 
butene-2jHg  (1*14  p*  1:27  0);  els  -butene-2  *  Dg  (1*14  p*  1*20  c)  and 
cls-butene-2 » Ng  (1*29  P*  1*21  c);  and  pure  cls-butene-2.  The  sym¬ 
bol  p  stands  for  relative  pressures*  and  c  for  relative  collision 
numbers  on  the  hard-sphere  basis.  In  Figure  2  sire  given  similar 
data  for  tria tonic  and  polyatomic  inert  deactivate  re,  cls-butene-2* 

COg  (1*50  p*  1*21  o)*  cls-butene-2 1 CH^  (1*24  p*  1:2?  c),  cls-butene-2* 
SPg  (1*22  p*  1*15  o),  oia-butene-2 * CD,F  (1:27  p*  1*20  c)*  and  eis- 
butene-2*CH^Cl  (1*20  p,  1*14  0)  and  pure  cls-butene-2.  The  poly¬ 
atomic  inert  gases  were  Investigated  only  in  the  higher  pressure 
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region;  their  high  efficiency,  relative  to  butene,  early  indi¬ 
cated  that  "turn-up"  would  scarcely  be  detectlble  unless  the  data 
were  pushed  far  into  the  lower  pressure  region  where  accuracy  suf¬ 
ficient  to  reward  the  effort  required  was  not  available.  Similar 
presentations  of  the  data  for  the  diatomic  gas  mixtures,  of  the 
same  dilutions  as  at  500°,  are  given  in  Figures  3  and  4  for  195* 
and  373*  K.  The  polyatomic  gas  mixtures  were  not  studied  at  these 
tsnperatures. 

The  figures  show  that,  on  the  hard-sphere  basis  employed,  k& 
increases  at  all  temperatures  In  the  order,  pure  butene,  Ng,  Dg 
and  Bg,  with  Dg  and  Hg  being  about  the  same  at  195**  The  rate  con¬ 
stants  for  the  polyatomic  gases  at  300*  are  larger  for  CH^  and  COg 
than  for  butene,  and  for  SFg,  CB^Cl  and  OD^F  are  equal  to  or  slightly 
smaller  than  that  for  butene. 

At  300*  and  373*,  the  lower  pressure  (lower  S/D)  measurements 
for  the  diatomic  gas  mixtures  gave  turn-up  which  started  at  approxi¬ 
mately  t\e  same  S/D  region  as  found  for  the  rare  gas  data  of  Part 
ZZ.  No  attempt  will  be  made  to  evaluate  the  data  at  373*  quanti¬ 
tatively,  both  because  of  the  sparoity  of  the  data  and  especially 
because  of  Increased  occurrence  of  secondary  and  side-reactions. 

AJIALXSIfl  OF  THB  DATA 

As  in  11,  the  analysis  of  the  data  is  made  in  two  parts i  com¬ 
parison  of  the  magnitude  of  the  observed  rate  constants  with  calcu¬ 
lated  values  in  the  quasi-constant  higher  pressure  region;  and  ex¬ 
amination  of  the  tum-up  of  the  apparent  rate  constant  in  the  lower 
pressure  region  —  for  example,  by  comparison  of  the  function 
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^a^anin  calculated  function  k(s)/k(a)^w. 

Higher  Pressure  Region 

Two  Uniting  interpretations  from  the  higher  pressure  region 
are  given: 

Case  Zi  A&a  assumed  >  10  kcal, 

W^A  -(!-«)+  oP^n  (H-ST) 

where  is  an  "all-or-nothing"  efficiency  factor  for  the  inert 
gas  A  relative  to  butene  B,  and  (1  -  a)  is  the  colllsion&l  dilution 
of  the  mixture  A:B* 

«“•  11 '  Pain  18  “sunBd  unity.  *  ^n1  whore  lo  the 

minimum  amount  of  energy  transferred  on  a  collision*  This  condl - 

7 

tlon  corresponds  to  an  earlier  stipulation  of  Bowen  and  Veljkowl<£ 

It  should  be  noted  that  AS  for  butene  is  >  9  -  10  kcal,  in  any 

case. 

o 

^sdn‘  Dependence  cm  a 

Average  values  of  PJnin  were  obtained  over  a  range  of  S/D  of 
0.5  -  1.5  at  195*#  0.3  -  0.8  at  300*,  and  0.1  -  0.2  at  373*  K. 

p»ln  value‘  for  each  rare  gas.  and  their  dependence  on  the  an- 
Burned  cross-sections,  are  given  In  Table  I*  0^$^  and  re¬ 

fer  to  values  obtained  from  the  hard-sphere  and  Leonard- J ones  cross- 
sections,  respectively  (Appendix  Z).  Two  less-likely  models  for 
collision  cross-sections,  which  were  designated  as  and  in  II, 
are  omitted  here  but  are  treated  elsewhere.^  Both  0^^  and 

Increase  generally  with  increase  of  molecular  weight  and  complexity 
of  the  inert  gas,  except  that  for  Kg  and  X>2  are  approximately 
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the  sane  at  195*  K ;  this  1b  subject  to  error  because  of  the  limi¬ 
ted  number  of  runs  for  Dg,  but  the  difference  between  Hg  and  Dg 
is  not  marked  in  any  case*  Table  I  reveals  the  relative  Invariance 
of  with  cross-section  for  the  heavier  gases.  The  large  effi¬ 
ciencies  of  all  polyatomic  gases  is  noteworthy;  some  magnitudes 
are  slightly  in  exoess  of  unity,  but  are  subject  both  to  possible 
error  in  assumed  cross-sections,  and  to  experimental  error. 


A^^.  Dependence  on  a2 

The  quantity  Is  compared  with  the  results  from  a  step- 

ladder  calculation  k(s)A(10),  given  previously  in  Part  II,  Figure 
10.  The  results  are  summarised  in  Table  12  In  terms  of  Ag^^  and 

Por  A^  >  5  koal,  the  step  values  are  only  rough  estimates 
since  differences  In  k(s)  become  progressively  smaller,  while  the 
accuracy  of  the  data  remains  constant.  For  the  heavier  complex 
molecules,  Ag^^  becomes  large  and  equal  In  order  of  magnitude  to 
the  value  for  butene.  Methane  and  earbonddloxlde  are  estimated 
to  transfer  on  the  average  at  least  half  the  energy  characteristic 
of  butene.  The  Ag^^  values,  analogous  to  the  Pmin  quantities, 
decrease  most  markedly  for  the  light  diatomic  gases,  and  are  simi¬ 
lar  in  magnitude  to  values  found  for  the  gases  He  and  He. 


Lower  Pressure  Region 
Step-Ladder  Model 

Lower  pressure  " turn-up n  functions  of  the  form  described  in 
Part  II,  cakaAajain  vs  S/D  (Figure  5),  were  obtained  for  the  gases 
H g*  D/j  and  Ng  at  300*  X.  Comparison  with  the  funotlon  cftk(s)A(s)^r, 
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graphed  previously  in  II,  Figure  4,  yields  the  average  amount  of 
energy,  AE,  transferred  per  collision  on  a  step-ladder  model.  AE 
is  2.5  kcal  mole""1  for  all  the  diatomloa  H g,  Dg  and  V  these  values 
are  quite  similar  to  those  for  Be  and  particularly  Ne;  Ng  might 
have  been  expected  to  be  characterized  by  a  larger  value  than  foe 
Hg  —  and  this  Is  quite  possibly  so,  but  the  data  for  Kg  are  limited. 

IheBe  AE  values  for  Hg  and  Dg  do  not  entirely  explain  the  mag¬ 
nitude  of  their  high  pressure  constants;  an  efficiency  factor  of 
0.57  similar  to  those  for  the  rare  gases  (0.64),  must  be  Invoked. 
For  Ng  such  a  factor  Is  not  necessary,  l.e.  unity. 

Exponential  Model 

For  an  exponential  model  of  colllslonal  transition  probabili¬ 
ties,  described  as  p^.  *»  the  turn-up  corresponds  to 

^AE>  1.5  kcal  mole"1  for  all  gases.  The  exponential  model  for 
Bg  and  Dg  gives  more  satisfactory  agreement  of  the  higher  pressure 
rate  constants  with  the  lower  pressure  turn-up.  For  Ng,  from  the 
last  sentence  of  the  preceding  section  the  contrary  Is  evidently 
true.  Dlls  Is  the  only  exception  found  for  these  atoms  and  smaller 
molecules  to  the  general  consensus  In  favor  of  the  exponential 
model,  and  It  is  surmised  that  the  exception  Is  only  apparent. 
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DISCUSSION 

Rotational  Transitions 

Stevens^  has  presented  a  model  of  a  colliaional  complex  In 
terms  of  the  formation  of  transitional  oscillators.  Linear  and  an¬ 
gular  momentum  conservation  restrict  redistribution  of  Internal  en¬ 
ergy  between  collision  partners.  A  simple  case  is  an  atom  A  with 
particle  B,  both  of  which  have  no  intrinsic  angular  momentum,  but 
vtare  B  is  defined  to  have  Internal  energy.  Bor  an  Inelastic  col¬ 
lision,^ 

■§  \  +  U  +  V(r)  +  AE»£ti*|  +  £M-  +  V(r)  . 

r  r 

Subscripts  1  and  2  designate  the  conditions  "before  and  after";  AE 
is  the  change  in  Internal  energy  of  8;  g  is  the  total  relative  ve¬ 
locity  at  infinite  separation;  r  is  the  relative  radial  velocity; 

|i  is  the  reduced  mass;  and  b  is  the  impact  parameter,  defined  as 
the  distance  of  closest  approach  In  the  absence  of  a  potential  V(r). 
Bor  conservation  of  angular  momentum,  bjgj  *  bggg,  and  £  +  AE  « 

£  pl*2,  so  that  internal  energy  is  exchanged  with  motion  along  the 
line  of  centers. 

If  B  may  have  intrinsic  angular  momentum  then  a  change  of  the 
system  angular  momentum  lAB  due  to  the  relative  motion  of  the  par¬ 
ticles  is  allowed,  providing  that  the  total  L  «  ♦  I-  is  con¬ 

served.  Thus  for  a  butyl  radical  -  atom  collision,  internal  energy 
may  be  transferred  into  rotational  energy  of  the  two  particle  sys¬ 
tem  and  of  butyl  itself.  This  corresponds  to  the  three  transitional 
modes  of  Stevens  for  this  case.  Bor  a  butyl  radical  -  diatomic 
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molecule  collision,  five  transitional  inodes  arise;  while  for  a 
butyl  radical  -  polyatomic  molecule  collision,  six  transitional 
modes  may  be  active. 

On  this  basis,  an  appreciable  increase  in  efficiency  (l.e.  of 
AE),  for  Hg,  D2  and  Ng,  relative  to  the  atomic  deactivators,  may 
be  expected  due  to  the  two  additional  rotational  degrees  of  freedom 

(l.e.  two  more  transitional  modes).  Values  of  and  of  AE .  . 

K,  K  W  «ln  0,111 

(Table  II)  for^Ng  are  only  slightly  larger,  if  at  all,  for  the  for¬ 
mer  two  than  those  of  the  are  gases  of  similar  molecular  weight 

ct&  values  are  known  less  aecu- 

rately  and  therefore  will  not  be  used  in  this  relative  comparison. 

The  relative  values  of  Hg,  Dg  and  He  are  in  accord  with  those 
of  Stevens,  and  Boudart  and  Dubois,  for  the  p-napthylamlne  fluores¬ 
cence  system,  but  differ  from  those  of  Neporent  and  Mirumyants,  for 
the  ?-dimethylamino-6-aMnophthalimide  system,  where  Dg  was  found 
to  be  appreciably  more  efficient  than  Hg  and  He.  For  our  system, 
we  conclude  that  vibrational  -  rotational  transfer  may  be  important 
for  Ng  (of.  ref  4)  but  no  gross  effects  seem  to  be  operative  for 
Hg  and  Dg,  relative  to  He*  No  gross  mass  effect  exists  for  Hg  rela¬ 
tive  to  Dgi  the  latter  is  slightly  more  efficient.  Ey  contrast, 
important  rotational  effects  opposite  in  direction,  on  replacement 
of  H  by  D  have  been  found  in  the  low  energy  region  for  species  such 
as  CH*,  CD*,10  and  HgO,  DgO.11 

The  absolute  values  of  AE  for  Hg,  Dg  (like  He)  in  the  butyl 

system  are  many-fold  higher  than  those  found  from  the  fluorescence 
4-6 

studies.  Part  of  the  difference  an  be  accounted  for  by  the 
higher  energy  states  and  smaller  excited  molecule  under  considera¬ 
tion  here;  part  of  the  discrepancy  may  be  resolved  by  the  different 
fluorescence  data  analysis,  in  which  both  a  P  ■  1  and  a  hard-sphere 


10 


cross-section  assumptions  seem  to  enter? (the  hard-sphere  efficiency 
of  N9  is  appreciably  higher  here,  also,  than  on  other  basei^.  Some 
^reasons  for  such  a  difference  were  considered  previously.  In  ad¬ 
dition,  however,  there  exists  another  mechanism  for  energy  trans¬ 
fer  which  may  be  of  greater  importance  for  the  present  system, which 
is  now  considered. 

Under  colllsional  perturbation,  some  energy  of  the  several  in¬ 
ternal  rotations  of  butyl  may  be  converted  Into  overall  rotational 
energy  of  the  butyl  radical  (as  well  as  system  rotation),  without 
change  of  net  angular  momentum.  Such  energy  transfer  from  active 
internal  rotational  modes  reduces  the  rate  constant,  kg.  This  may 
be  expected  to  be  a  facile  mode  of  energy  transfer  here.  For  one 
NKg  substituent  on  the  massive  0-napthylamlne  frame,  the  momentum 
conservation  restriction  would  not  be  greatly  relaxed  and  this  mecha¬ 
nism  should  not  operate  effectively.  This  model  may  be  tested  by 
restricting  internal  rotation  with  use  of  alkyl  radical  such  as  ey- 
clopentyl. 


Vibrational  Transitions 

Stevens6  suggested  that  transitional  modes  equilibrate  with 
vibrational  degrees  of  freedom  of  the  excited  species  faster  than  do 
internal  vibrational  modes  of  the  deactivator.  The  vibrational  fre¬ 
quencies  for  Hg,  Dg  and  Ng  lie  so  high  that,  even  on  the  assumption 
of  complete  equilibration  of  an  intermediate  collision  complex, 
scarcely  any  effect  due  to  this  vibrational  degree  of  freedom  could 
be  expected.  The  large  value,  A£  >  9  kcal,  found  for  butene  and 
similar  large  values  for  SFg,  CD^F  and  CH^Cl,  os  derived  from  the 
comparative  efficiencies,  suggest  that  vibrational  -  vibrational 
transfer  is  important  for  complex  polyatomic  molecules.  Under  the 
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exclusion  of  net  vibrational  -  vibrational  transfer  the  maximum 

average  energy  transferred  from  butyl  would  be  »  8.3  keal 

(for  25  equivalent  classical  oscillators  in  the  butyl  radical  at 

the  energy  involved),  from  the  relation  *»  (6/(25  +  6))  45  kcal. 

(Our  data  provides  no  criteria  for  distinction  between  polar  and 

non-polar  deactivators. ) 

£ 

Stevens  suggested  that  internal  modes  played  a  role  only  for 
higher  alkanes,  pentane  and  hexane,  and  not  for  smaller  ones  in  his 
system  of  alkane  deactivating  gases.  Our  results  for  <X>2  and  par¬ 
ticularly  CH^  could  satisfy  a  condition  of  no  vibrational-vibrational 
energy  transfer  if  rotational  degrees  of  freedom  were  efficient  sinks. 
However  it  seems  unclear  that  rotations  could  be  so  effective  for 
a  molecule  such  as  CH^,  when  they  have  a  lesser  effect  for  N2,  which 
has  larger  momenta  of  inertia. 

We  believe  it  probable  that,  apart  from  diatomic  molecules  with 
high  frequencies,  vibrational  -  vibrational  transfer  is  significant 
even  for  the  smaller  polyatomics.  Absolute  values  of 

AE  for  more  complex  molecules  are  in  reasonable  agreement  with  the 

g 

fluorescence  studies  of  p -nap  thy  lamine,  where  energies  transferred 
reach  5  kcal  for  complex  deactivators  at  access  vibrational  ener¬ 
gies  of  the  excited  molecule  in  excess  of  24  kcal. 

A  number  of  aspects  of  this  phenomenon  await  experimental 

clarification  —  particularly  the  role  played  by  overall  rotations, 
especially  as  between  diatomic  and  polyatomic  deactivators,  and  by 
internal  vibrational  degrees  of  freedom  of  the  energy  sink. 


X. 


is 


Appendix  I 

ColHelon  Cross-Seotlons 

A  detailed  discussion  has  been  given  previously  in  Part  II, 
Appendix  II.  and  e/k  given  in  Table  II  are  the  conventional 

6,12  Leonard -Jonee  parameters,  Per  the  hard-sphere  potential  c 
was  set  equal  to  For  the  Lennard-Jones  potential  a  was  evalu¬ 

ated  using  the  Q  integral  (see  II)  and  called  cr1^. 

Collision  radii  for  sec-butyl  -  inert  gas  relative  to  sec- 
butyl  -  ola -butene-2  are  listed  in  Table  ZZI  for  the  two  potential 
models  <®A*lu  “4 
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Illustrations 


Figure  U  \  is  S/D  fo r  the  gases  Hg,  P2#  n2  and  cia-bufcene-2 
at  300°K.  0  are  points  outside  the  chosen  scale.  (Che  curves  in 

the  Figures  1-4  were  drum  In  so  as  to  pass  through  such  points  when 
extended  beyond  the  seals.  O  #Hg  ls27oj#  ,Dg  uaOcjQHg  l*2ioj 
A,  els-butsae-2. 

Mens*  2t  vs  S/D  for  the  gases  C02,  CH4,  S?6.  cry?,  CH^Cl 
«d  Jto*buteae-2  at  300°K.  O  ,  COg  lijWei*  ,CH4  li24c;«  ,S?6  l*22oi 
Q »  <®jP  1*20 ejD  GH^Cl  lil4oi  A»  eis-tutene-2. 

a«fff  2«  **  JCft  S/D  for  the  gases  Hg,  D2,  N2  and  eis-butene-2 
at  195°fc.  O  .  Hg  l*27oi  d  *D2  1*200*  Q  ,»2  l*21o*  A  *  ois-butens-2. 

JSfflOLA*  \  22.  ZSD  f°r  the  0*ses  Hg,  D2.  H2  and  ois-butene-2 
at  575°K.  O  »  Bj  l*27ei  #  ,  Dg  l*20o*  Q,  Ng  l*2lci  A  >  ole-butene-2. 

JEfcO&tJl*  *<**  of  oorrected  experimental  curves  of 
2UL  Experimental  points  left  off  for  clarity.  l  .  i*2lo, 

2  m  D2  1*200.  3  •  Jfe  1*270. 
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